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ABSTRACT

This article contributes to the current debate on the meaning and regulation of
biotechnology by focusing on the role that the concepts of nature and sound science
play in framing struggles against agricultural biotechnology in India. It contends that
the political work of these concepts consists of limiting democratic deliberation by
neatly separating facts from values and scientific certainty from politics. In particular,
it aims to show that both the invocation of nature and reliance on sound science are
counterproductive for the more interesting challenges opponents are already articu-
lating outside the boundaries drawn by the nature/society, science/politics and facts/
values distinctions. Indeed, the political significance of the collective experimentations
going on in India (as elsewhere) is that they signal a shift from a risk mentality, centred
on ‘hard facts’ supposed to settle the debate, to novel approaches to uncertainty that
recognize the increasing controversies surrounding GMOs. These approaches, it is
argued, provide a more interesting space for thinking about the uncertainty surround-
ing biotechnological crops and the relations we (might) share with them.
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INTRODUCTION

THE INDIAN debate over agricultural biotechnology is a very complex
one. Since biotech’s commercialization, controversies about risks and
benefits have proliferated and numerous claims have been made by

both supporters and opponents of the technology. This article focuses on one
particular facet of this debate, namely the role that the concepts of nature
and its sibling, science, play in framing struggles over the meaning and regu-
lation of agricultural biotechnology. To take just one example, opponents
often invoke the issue of ‘unnaturalness’ and therefore undesirability of
genetically modified organisms (GMOs). A related concern is that of safety:
as GM crops are not ‘substantially equivalent’ to their non-GM counterpart,
they cannot be deemed to be safe. On the other side of the debate, while
claiming that GM crops are not ‘substantially different’ from their non-GM
counterparts for the purposes of regulatory approval, proponents have to
argue that they are novel and the result of human invention, as this is the pre-
requisite for obtaining patent protection and, with it, exclusive property
rights (Meyer, 2006).1

To be sure, such an account oversimplifies the much more nuanced prac-
tices activists engage with when contesting agricultural biotechnology: for
many environmentalists and NGOs the issue is the privatized control and
direction of biotechnology in the broader context of neo-liberal development
policies and inadequate regulatory frameworks rather than the naturalness-
unnaturalness distinction (Scoones, 2005). Although these struggles entail
much more than the explicit naturalness/unnaturalness argument, the point
I want to make is that there is a more subtle way in which nature is granted
a crucial role in the debate: it is by relying on sound science and scientific
certainty to provide the definitive answer as to the ‘facts’ concerning these
new forms of life that activists end up reinforcing the role of nature and in
doing so they limit the number of controversies they are engaged with in
actual practice.

In this article I will argue that there are several reasons for abandoning
nature and reconceptualizing current approaches to science. The first is that
by basing their arguments on the defence of the integrity of nature and/or
the need for sound science, opponents end up replicating both the basis
on which the biotech industry lays claims to patent protection and those on
which current regulatory frameworks operate. In other words, as long as the
controversy over GM crops is framed in terms of conservation/violation of
nature and sound science to provide the answer to the question of what these
new forms of life are, the result is that the issue of control over resources and
research patterns is difficult to challenge. There is yet another perspective
from which appeals to nature and sound science become problematic. This
perspective focuses on the political work that nature and science do in the
current debate, namely that of limiting democratic deliberation by neatly
separating facts from values and scientific certainty from politics. If the way
in which these dichotomies work is taken into account, then the question
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becomes the following: what does it mean to question GM crops? How can
this challenge be articulated beyond the boundaries drawn by these distinc-
tions?

The first section describes the current state of the agricultural biotech
debate in India through the lens of the Green Revolution in order to bring
to light the various arguments that lie at the intersection between the meaning
and regulation of biotechnology, neo-liberal policies and development strat-
egies. By focusing on the continuities and discontinuities with the Green
Revolution, I ask whether the biotech debate entails anything ‘new’ and
argue that the novel aspects are to be found in the fact that more actors have
claimed their right to participate in collective experimentations concerning
GM crops. The second section draws on the insights offered by Latour (2004)
to show how the richness of this debate, and in particular the potential
offered by collective experimentations, is curtailed through the invocation of
nature and current approaches to science.

Thus, the article argues that it is necessary to abandon for good the invo-
cation of nature and reliance on sound science as these continue to be coun-
terproductive for the more interesting challenges opponents are already
articulating outside the boundaries drawn by the nature/society distinction.
These challenges show that that GMOs can no longer be approached as
‘facts’, as agrochemicals, for instance, were under the Green Revolution, but
as matters of increasing concern. The significance of the collective experi-
mentations going on in India (as elsewhere) is that they signal a shift from a
risk mentality, centred on ‘hard facts’ supposed to settle the debate, to novel
approaches to uncertainty that recognize the increasing controversy sur-
rounding GMOs. This approach, it is argued, provides a more interesting
space for thinking about the uncertainty surrounding biotechnological crops
and the relations we (might) share with them.

THE GREEN AND BIOTECH REVOLUTIONS

There are several angles from which the significance of agricultural biotech-
nology in India is currently being assessed. One which I think is important
in bringing together the arguments often made by both promoters and
opponents of agricultural biotechnology is that which presents the Biotech
Revolution as the successor of the Green Revolution. This section therefore
looks at the arguments made within this framework with a view to both
emphasizing the complexity of this debate and pointing to the emergence of
a new approach by activists. This will serve to contextualize the subsequent
discussion on the way in which recourses to nature and sound science risk
undermining the richness of this debate and the novel challenges activists are
articulating in practice.
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SCIENCE, TECHNOLOGY, IMPERIALISM AND NATION-BUILDING

For many supporters, biotechnology represents the inevitable and constant
progress of science and technology (Hannigan, 1995: 42, 170–1). From this
premise, a number of assumptions follow about the economic, political and
social consequences of applying biotechnology to agriculture. To mention
only a few, agricultural biotechnology promises to: deliver the solution to
world hunger by generating higher yields and introducing desirable nutri-
tional traits (Nature, 2002); promote sustainable agriculture by reducing the
need for agrochemicals such as pesticides and fertilizers (FAO/WHO, 2000;
Nature, 2002); and foster national interests through the promotion of a
competitive biotech sector (Government of India, 2002; Newell and Glover,
2003: 5).

The resonance of these arguments with those made in support of the Green
Revolution has not escaped the attention of critics who have focused on the
ways in which the promise of science and technology has intersected and still
intersects with imperial interests, development constructions and nation-
building processes. Jasanoff, for instance, has argued that the life sciences
have long been complicit with imperial constructions. In particular the act of
producing legibility was essential to the act of ‘governing’ people and nature
(what later became the ‘environment’): ‘to rule effectively, occupying govern-
ments had to map their territories, classify populations into identifiable
groups, and catalog flora, fauna, languages and cultural practices’ (2006: 280).

Science and technology were also one of the important means through
which the demarcation between ‘backward’ and ‘advanced’ societies became
possible in the post-colonial period (Anghie, 2000; Escobar, 1995). The
development norm that emerged required the transition from ‘traditional’,
agrarian to ‘advanced’, modern societies (Lewis, 1955; Rostow, 1962). Agri-
culture became the ground on which the application of old and new technolo-
gies (i.e. mechanization, conventional cross-breeding and agrochemicals) was
to deliver the promise of development and modernity. As Cullather puts it, it
was ‘the use of seeds to symbolize the arrival of modernity . . . To diplomats,
transnational scientists, and Southeast Asian technocrats, grain became a
living symbol of abundance, an apparition capable of inducing mass conver-
sions to modernity’ (2004: 227–9). In this respect, the Green Revolution
represented a massive experiment in nation-building. It referred not only to
‘a broad transformation of agricultural sectors . . . to the reduction in food
shortages and undernourishment and to the elimination of agriculture as a
bottleneck to overall development’ (Griffin, 1979: 2) but also to the new
political alliances forged between states and farmers ‘to neutralise class antag-
onisms, appeal to supposedly universal demands for increased consumption
and national strength, and identify the opponents of progress’ (Cullather,
2004: 245–54).

At the same time, the Green Revolution was central to international instru-
ments and strategies aimed at building the post-war international community.
The promise of increased agricultural productivity, for instance, answered the
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call for the international division of labour imposed by the international
trading regime, according to which the soon-to-be developing countries would
specialize in the production and export of those goods in which they were
supposed to have a comparative advantage, namely agriculture (Trebilcock
and Howse, 2005: 4–5). It also represented one of the means through which
to meet the requirements of the emerging international environmental
community concerned with the increasing exploitation of natural resources
(Sands, 2003: 31–5). As the demands of a growing population could be met
through the development of high yielding varieties and the use of agrochem-
icals was supposed to reduce the need to cultivate additional land, the Green
Revolution seemed to anticipate the idea of ‘sustainable development’ which
was to emerge in the 1980s.

The beginning of the much celebrated ‘technology transfer’ between the
‘North’ and the ‘South’ took place in this period. However, the link between
the costs of the new technologies, the discrimination of the international
trading regime and the intensification of production with its consequent
environmental impact did not go unnoticed. Firstly, agricultural exports
were penalized through an international trading regime which, while predi-
cated on trade liberalization, in actual practice protected those goods in
which developing countries were said to have a comparative advantage,
namely agriculture (Hudec, 1987). As a result of the increasing competition
among agricultural (developing country) exporters as well as the need to
acquire foreign currency to repay those technologies whose transfer did not
take place free of charge (Kloppenburg, 2004: 169–70), production was
pushed to the limits. Furthermore, as pests developed new resistance to old
pesticides, new agrochemicals were used. Pollution of the soil and water-
course was not the only adverse impact; intensification of production also
promoted monoculture which in turn threatened biodiversity (Shiva, 1991).

SIMILARITIES AND DISCONTINUITIES

Thus for critics the similarities between the two revolutions are striking.
Firstly, arguments about growing population and shrinking world food supply
have re-appeared (Nature, 2002: 679). With the ‘problem’ of food supply comes
again the recognition that the movement of science and technology is as in-
evitable as it is desirable (Goodman and Redclift, 1991: 142). The possibility
of producing the desired traits of crops enables promoters to argue that
biotechnology is even more natural than its non-GM counterparts (Gottweis,
1998). Thus, arguments about sustainable development, by now one of the
pillars of International Environmental Law, are employed trans-nationally to
argue that biotechnology will increase yields while avoiding the shortfalls of
the Green Revolution by limiting the use of agrochemicals (FAO/WHO,
2000). Since risks can be managed by the same technologies if they emerge
(Nature, 2002: 669), much of the current contestation concerning the threat
to farmers’ livelihood, consumers’ safety and biodiversity can be attributed
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to irrational fears, ignorance, or hidden agendas that have nothing to do with
the objectivity of science (Dhar, 2001: 21). Finally, the transgenic seed still
functions as a marker of modernization in terms of recuperating competi-
tiveness in the global market. As with the Green Revolution, when Gaud
pointed out that ‘Development . . . suddenly came down to a very simple
proposition: one man seeing his neighbor doing better than he was doing’
(Cullather, 2004: 230), so with today’s agro-biotechnology the decision is
supposed to be made by rational farmers as they decide to switch to biotech
seeds after seeing the results of their neighbours (Rao, 2003).

The Biotech Revolution, however, is taking place against a different set of
trans-national forces. Firstly, developing countries’ import-led industrializa-
tion and public-led research in agriculture, aiming to achieve the goal of self-
sufficiency, have been replaced by the goals of global competitiveness
through an active private sector (Seshia and Scoones, 2003). Promoted by the
structural adjustment policies of the International Monetary Fund and the
World Bank in the 1980s, these strategies have been solidly ingrained into
national legislations in the 1990s though the agreements of the World Trade
Organization (WTO). Furthermore, it is not only the WTO or the World
Bank which see in the adoption of the technology coupled with agricultural
liberalization the way forward for countries to realize their ‘true’ compara-
tive advantage and achieve ‘development’ in the global economy (Anderson
and Valenzuela, 2007). Neither are only multinational corporations such as
Monsanto eager to achieve market dominance. The reduction of subsidies
and liberalization of agriculture, services and investments on the one hand
and the enhanced protection and enforcement of intellectual property rights
on the other have also escalated the race to competitiveness so that the Indian
neo-liberal state is promoting a different alliance between business, scientists,
farmers and policy makers (Goodman and Redclift, 1991: 180). In particular,
the success of the biotech sector is considered crucial for competing with
other knowledge-based economies (Government of India, 2002: 50, 85).

To summarize, although the Biotech Revolution is taking place in a differ-
ent trans-national environment, critics emphasize the continuities with the
Green Revolution in terms of national interests, corporate power (Goodman
and Redclift, 1991: 126), tales of development and progress via the objectivity
and neutrality of science and technology (Escobar, 1995), and rational eco-
nomic behaviour by farmers (Rao, 2003), among other factors. By focusing
on these continuities opponents argue that the results of the two ‘revolutions’
are similar: arguments about the impact of biotech crops on small farmers,
the environment, biodiversity, farmers’ livelihood and consumers’ safety, to
mention only a few, are sidelined and biotechnology can be presented as the
solution to which there is no alternative.

While these arguments are important, I want to focus on the way in which
biotechnology is currently being approached by those who have become
increasingly concerned about its meaning and regulation. My argument in
this respect is that the intensification of the struggles over agricultural bio-
technology points to an important discontinuity with the Green Revolution.
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Activists’ opposition to agricultural biotechnology first appeared in India
within the broader contestation over agricultural liberalization, in particular the
withdrawal of state subsidies, the issue of terminator seeds, over-indebtedness
of farmers, farmers’ suicides, and the increasing power of biotech corporations
(Scoones, 2003: 18–19, 2005: 5). These claims were soon accompanied with
concerns about the safety of GM crops for human consumption and their
impact on other living organisms. Thus, new actors have entered the stage and
controversies over agricultural biotechnology have multiplied.

As the claims about its benefits have become the object of increasing contes-
tation, activists have come closer to the entity they are debating, carrying out
their own assessment of the risks and uncertainties about the technology
itself (Newell and Glover, 2003: 26). Moreover, these controversies have
acquired centre stage even before any adverse effect has been produced.
Therefore, the intensification of controversies over the meaning of agricul-
tural biotechnology has brought many and different actors closer to the entity
they are debating, the transgenic seed, which has become a matter of increas-
ing concern for all involved. The issue of what these entities are and what
position they might occupy in an increasingly complex world has become an
open and public matter. In the next section I draw on Latour’s work on the
‘Politics of Nature’ to show that the significance of these practices is that
GMOs are no longer viewed as ‘matters of fact’, as agrochemicals, for instance,
were during the Green Revolution, but as matters of increasing concern and
this points to a shift from the current approach based on risk to one based
on the uncertainty about the relations we (might) share with these entities
(Latour, 2004).2

Before I do so I want to address an objection that can be raised at this
point. It could indeed be argued that the richness of the debate I have just
described complicates the assumption that activists/opponents invoke the
naturalness/unnaturalness distinction when contesting agricultural biotech-
nology (Jasanoff, 2006: 283; Scoones, 2003: 23–4). While agreeing that their
struggles entail much more than the explicit unnaturalness argument, two
points need to be made. Firstly, this ‘minority’ position continues to exist,
especially when opponents are confronted with questions about the technol-
ogy rather than those about the neo-liberal context in which it operates. For
instance, when activists are asked what their approach to the technology
would be if research and control were public, the claim that the technology is
unnatural and therefore unsafe is often made (Rodrigues, 2005: 4). However,
there is another, less visible, way in which nature plays an important role in
this debate. This becomes visible if one considers the assumption underlying
the argument by both opponents and supporters according to which the
problem is not ‘with the technology itself’ but rather with the science used
and/or the lack of transparency and accountability of current regulations.
While proponents argue for the need for sound science to eliminate irrational
fears or disclose critics’ hidden agendas (Rao, 2003), opponents criticize the
regulatory regime as not being competent, transparent, unbiased and ‘scien-
tific enough’ (Rodrigues, 2005: 12).
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In other words, there seems to be an underlying assumption that if sound
science, as opposed to the ‘politics’ of biotechnology, were given the chance
of properly informing the debate, society could finally make an informed
decision about ‘biotechnology itself’. It is exactly through the reliance on
sound science to reveal the ‘facts’ of the matter that the role of nature, as
opposed to society and politics, is reinstated and reinforced. In other words,
by considering certain things as facts but others as values, biotechnology is
taken away from those who are debating it, with the result that the many
arguments activists make (for instance, with regard to the future of the agri-
cultural sector, corporate power, farmers’ livelihoods, bio-safety implications,
etc.) can enter the debate only in the regulatory phase and only as ‘other
relevant factors’.3 These factors can be taken into account when assessing the
impact of biotechnology but can never affect the definition or meaning of the
‘technology itself’. In order to understand how the positioning of GM crops
as undisputable facts ends up closing off the various controversies activists
articulate with their actual practices, it is important to look at the political
work that nature and science, as opposed to society and politics, do in the
current debate.

NATURE AND SCIENCE RELOADED

Latour’s contribution in unpacking the opposition between nature and
society by showing the political work this separation does is important in
order to re-conceptualize the current GMOs debate. Appeals to nature are
problematic since they end up reinforcing the schism between science –
which explains what happens in the domain of objective reality, where
‘things’ are and await to be ‘discovered’ by experts – and society – the domain
where humans decide what to do with such ‘things’ or ‘facts’.

This separation has a double political relevance. Firstly, by relegating ‘facts’
to the domain of science, not only are they established beyond public scrutiny,
but, as Latour argues (2004: 98), society is also required to ‘judge facts
without the rich material according to which facts are defined, stabilised, and
judged’. By accepting the separation between facts and values without further
scrutiny, we agree ‘to place [our] own legitimacy away from the scene of facts
in the land of the universal or formal foundation of ethics’. Hence, only once
GMOs have become a scientific ‘fact’ in the confined space of the laboratory
can one raise the ethical question within the regulatory space, for instance,
whether or not genetic engineering in agriculture is justified. Only at this
stage can the many concerns seen before, from the bio-safety implication of
GMOs to agricultural liberalization, corporate power and neo-liberal policies,
become ‘other relevant factors’ to be taken into account when carrying out
risk assessment analyses. Similarly in the regulatory space, reliance on ‘sound
science’ to give the definitive answer as to what GM crops are and what risks
they pose to human health and the environment amounts to leaving intact
the assumption that the construction of scientific facts takes place away from
the values that are inherent in their construction (Latour and Woolgar, 1986).
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Secondly, this distinction forces us to side either with things or with
humans: by representing GM crops as ‘natural’, human participation in the
transformation of agriculture is completely ignored and biotechnological crops
can be presented as ‘substantially equivalent’ to non-GM crops. Conversely,
by presenting GM crops as ‘artificial’, the role of non-humans in the assumed
human invention is erased and proprietary rights can be ascribed to humans
on the basis of their ‘invention’. What gives enduring force to the naturalness/
unnaturalness distinction, however, is the assumptions that legitimize the
separation between the natural world of objects with their given properties
and the social world of subjects governed by unstable human laws (Latour,
2004: 10). This makes the two spheres, the natural and the social, so distinct
that there cannot be any continuity between them. The paradox involved in
this neat separation becomes apparent if, as Latour suggests, one looks at
the double rupture that this assumption comports. Only the scientist can
temporarily break free from the chaos of society and accede to the truth of
nature then get back to society with the ‘incontestable findings that will
silence the endless chatter of the ignorant mob’ (2004: 11). However,

[the ease with which] scientists pass from the social world to the world of external
realities, the facility they demonstrate through this business of importing and
exporting scientific laws, the fluency of the discourse in which they convert
human and objective elements, proves clearly enough that there is no rupture
between the two worlds. (Latour, 2004: 12)

Against the separation between nature and society, Latour (2004: 39)
advances the ‘collective’ as the association of humans and non-humans which
participate in the progressive composition of the common world: ‘with the
[collective], one can appeal to the external worlds, but the multiplicity that
is being mobilised in this way does not bring definitive resolution to any of
the essential questions of the collective’. The collective therefore allows us to
‘take into account’ the humans and non-humans that constitute our reality.
This reality, however, is in construction and nowhere defined or definable by
the inherent properties and immutable laws of the ‘things in themselves’.
Rather, it is a reality populated by many controversies on which a decision
needs to be made, collectively.

Why are these insights important for the current debate over agricultural
biotechnology? Critiques of the nature/society, science/politics and facts/
values dichotomies are certainly not new (Roepstorff et al., 2003). However,
Latour’s approach is not a social constructivist critique of nature and science
but an attention to construction as everything that is made (Latour and
Woolgar, 1986; Latour, 2007). As he argues:

we shall no longer speak of ‘representations of nature,’ designating by that term
the categories of human understanding, while, on the other hand, ‘nature’ in the
singular remains even more remote . . . We might suppose that the tasks of these
[social] sciences will be more inspiring than to prove that there exist ‘cultural
and social filters through which’ humans must necessarily pass ‘to apprehend
objects out there, while always missing things in themselves’. (Latour, 2004: 41)
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‘Facts’ therefore do exist but they are the result of the settling of controversies
rather than the bases on which controversies can be settled. Acknowledging
that all ‘facts’ are constructed means that the distinction between natural and
unnatural as well as between science and politics cannot guide us any longer
in the debate about the meaning and regulation of agricultural biotechnology.
The significance of this approach can be best appreciated by addressing two
related questions: firstly, can GMOs be ascribed the quality of established
‘facts’? If not, how else can we think of them?

‘FACTS’ IN THE MAKING: THE LABORATORY AND REGULATORY SPACE

GMOs are new entities first produced within the confines of laboratories and
only more recently introduced into the world at large. Bacillus thuringiensis
(Bt), for instance, is a soil bacterium whose quality as an insecticide was
‘discovered’ and isolated at the beginning of the last century. Used initially
as a bio-pesticide by many farmers, it re-entered the laboratory in the 1980s
in order to isolate the DNA strand that coded the protein expressing the
toxicity which could be then ‘added’ to agricultural crops, enhancing their
resistance to pests (Bingham, 2008: 113). Thus, since Bt technology has
become available, the current debate has been carried out in terms of a scien-
tific ‘fact’ (the Bt addition to the crop) that has been already established by
science in the laboratory and on which a decision needs to be made by society
through regulation. However, if ‘facts’ are taken to relate to the settlement
of controversies regarding the entities at issue and their position in the world
(Latour and Woolgar, 1986), the increasing number of controversies makes
the positioning of GMOs as ‘facts’ much more problematic.

To take only one controversial issue within the scientific realm, that of
whether or not GM crops are ‘significantly equivalent’ or ‘significantly differ-
ent’ from their non-GM counterparts, Eike (2000: 9–11), for instance, has
shown how different criteria between micro and macro biology produce
different answers to the question of whether GMOs can be considered natural
or unnatural. A microbiologist, molecular biologist or bioengineer adopts a
framework that examines the inner workings of the cell. The assumption that
any ‘addition or subtraction of genetic sequences will cause a fixed and com-
prehensible response at the level of the phenotype’, leads the researcher to
conclude that the differences in the genetic composition of a GMO compared
to a ‘natural’ organism are negligible. A macrobiologist, however, adopts a
different framework. By focusing on the interactions at the ecological level,
the macrobiologist might conclude that, when a trait in a novel organism is
introduced into the environment, complex ecological interactions can be
affected. The complexity of the issue is easier to grasp in relation to open and
dynamic systems with which biotech crops interact. However, Eike argues,
the same complexity applies at the microbiological level of analysis:

The expression of genes depends on many factors, such as neighbouring regu-
latory DNA sequences, the proteins and RNA-molecules that attach to these
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regions (which are coded for by other genes, which in turn also have regula-
tory sequences) and where the gene is placed in a genome. In addition, multiple
genes often work together in intricate ways to produce a particular product . . .
identifying the sequence of base-pairs in a genome doesn’t mean that all the
functions genes might have in the genome, or even all of the genes, are identi-
fied. (2000: 9)

The conclusion is that the ‘identity’ of GMOs can be framed around the
different values, questions and criteria that are deemed appropriate in differ-
ent contexts. Science and Technology Studies have shown how many scien-
tific findings depend on the questions posed and the evaluative methods
followed. By using different frameworks in the analysis of a particular
problem, researchers obtain different results (Jasanoff and Wynne, 1998: 5).
Thus, even within the realm of science what a GMO ‘is’ and what position
it occupies in the world remain open questions. Ultimately, as science cannot
provide any certain answer as to the question of ‘naturalness’ or safety, the
assumption of both opponents and supporters that increased awareness of
the ‘facts’ will put an end to the debate is problematic.

Emphasizing the fact that controversies still exist among scientists is there-
fore important not only for challenging the nature of ‘scientific facts’ conferred
upon GMOs but also for re-casting the role of ‘sound science’ within the
regulatory space. If science is not value free and controversies still exist, regu-
lation is not about deciding on a fact already established. Rather, as Lezaun
puts it, ‘Regulatory disputes are struggles to impose new categories, to make
them real in the world – or, alternatively, to make them increasingly un-
feasible – and this struggle takes shape in technical and bureaucratic work, as
much as in the explicitly policy arena’ (2006: 505). However, the facts/values
dichotomy permeating the regulatory space makes this struggle for granting
or denying existence to GMOs invisible by positing a priori the existence of
solid facts on which regulators are called to decide. This happens through the
division of labour between so-called risk assessment, risk management and
risk communication. These three phases constitute the dominant approach
to risk analysis promoted by various international and national bodies and
currently adopted in India (Damodaran, 2005; Scoones, 2003: 4).

Thus, risk assessment is taken to represent the science-based, and there-
fore objective and neutral, phase of decision-making during which experts
apply scientific knowledge to arrive at a figure, ranking or categorization that
describe the ‘hazard’ or risk associated with a particular technology. Despite
the fact that values enter this process in a number of ways, for instance,
through the types of scientific studies that are performed and cited, the way
in which those studies were undertaken, the questions that were asked and
the way in which particular results were interpreted, the process is deemed
to be a value-free activity. Values can only pertain to the second phase of risk
management during which the objective result of the assessment can be
considered in terms of what constitutes acceptable risk. It is only at this point
that regulators are allowed to take into account ‘other relevant or factors’
even though these factors ‘intervene in the production of “scientific fact”
. . . [and] are actually present in the science, often as unexplicited framing
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assumptions’ (Dratwa, 2002: 207). Finally the phase of risk communication
where those who possess the knowledge transfer it to the members of the
general public (Irwin and Michael, 2003) reinforces the assumption that the
public is ignorant of the real, as opposed to the perceived or misinformed,
nature of the risks, and need to be informed by the competent authorities.4

Thus, despite the apparent democracy of regulation, facts are taken further
away from the scene in which they are constructed, as the separation between
science – the domain of objective things – and society – the domain of values
– remains firmly in place.5 From this perspective, lack of transparency,
competence and expertise, however important, are not the only obstacles to
participation in the fact-making process (Damodaran, 2005: 7). What I think
is important to recognize is that the current faith in science to deliver the real
objects, the hard facts, the definitive answer as to the nature and properties
of GM crops, is as impossible as it is undesirable. It is counterproductive as
it replicates the basis on which the separation between the natural/scientific
and societal/political occurs in the first place, with the consequence that facts
continue to be constructed without collective participation; and it is impos-
sible since we increasingly acknowledge that risk analyses, as currently con-
ducted, do not allow us to deal with the reality that ‘we do not know what
we do not know’ about GM crops.

As Wynne points out, we can talk about risks when a system behaviour is
deemed to be well known and characterized so that the probabilities associ-
ated with different outcomes can be adequately calculated (Wynne, 1992).
The difficulty with GMOs is not even that of ‘incomplete knowledge’ that
occurs when we know the parameters within which to conduct the investi-
gation (for instance, toxicity, allergenicity) but we do not know the proba-
bility associated with the different outcomes. In this case, further research is
sufficient to reduce our lack of knowledge. The fundamental issue is that with
GMOs we are ‘ignorant’ of the relevant questions to be posed rather than not
knowing the answers. As Wynne argues, ‘We do not know what we do not
know about them.’ This was also the case with agrochemicals, since it was
never really a matter of having insufficient information about the risks they
posed to human health or the environment. We actually did not know that
we did not know about such risks. The uncertainty under which we operate
today, however, becomes more apparent as we approach the complex inter-
action between GMOs and the environment. This is what the GMOs debate
is demonstrating by mobilizing everyone before the unintended conse-
quences are produced. This type of uncertainty or ignorance, however, is not
contemplated in risk analyses as these accept uncertainty only as incomplete
knowledge that can be eliminated through further research.

FROM RISK TO UNCERTAINTY: GMOS AS MATTERS OF CONCERN

To summarize, the separation between facts and values, science and regulation
and technical and political phases of regulation are all manifestations of the
nature/society dichotomy. Thus, thinking in terms others than those imposed
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by these separations is important in order to avoid having to make a value
judgement on something which, under the pretext of a ‘mere description of
reality’, has been decided in advance. The question therefore becomes the
following: if GMOs are not ‘hard facts’, how else can we think of them?

It is at this point that Latour’s thinking through matters of fact and matters
of concern becomes helpful. Matters of fact, which have long characterized
the ‘findings’ of science, until recently were defined by three elements. Firstly,
they were objects or things with a well-defined, static essence; secondly the
scientific, technical and industrial activity necessary to produce them remained
out of sight, invisible; and, thirdly, their unexpected consequences, which were
attributed to ‘social factors’, ‘political dimensions’ or ‘irrational aspects’,
never had an impact on the initial definition of the object, with its fixed
boundaries and essence. The case of asbestos signals, according to Latour, the
last instance of a matter of fact, a miraculous object, which raised no concern
until 30 years later the numerous cases of lung cancer, as entities excluded
from its essence, managed to become an integral part of its definition. (Latour,
2004: 269). Unlike pure matters of fact, matters of concern have defined
essence and clear boundaries; their producers are visible and, importantly,
they can no longer be detached from their unexpected consequences. In other
words, ‘to deal with them we do not have the social and political order on
one side and the world of objective things on the other’ (Latour, 2004: 22–4).
This is not to say that separation between the two worlds was ever possible.
Agrochemicals for instance, were and are still the object of controversy.
However, they could not emerge as matters of concern since the various
controversies about their adoption were never allowed to affect the indis-
putable essence or inherent properties of the ‘thing itself’. In other words,
with GMOs the distinction between facts and values, which was always ficti-
tious, has finally collapsed and the increasing awareness of the uncertainty
surrounding GMOs has brought to light the crisis of objectivity, the scien-
tific objectivity that was so central to matters of fact.

By accepting GMOs not as facts but as matters of concern, two approaches
are possible. One is to carry on waiting for science to come up with decisive
evidence that will put an end to the controversy.6 Alternatively, Latour argues,
‘we can consider uncertainty as the inevitable ingredient of crisis in the envi-
ronment’, of which GMOs are a clear example. The latter has the advantage
of ‘replacing something that is not open to discussion with something that can
be debated, and of binding together the two notions of objective science and
controversy’ (Latour, 2004: 63). Dealing with uncertainty therefore requires
accepting that ‘we do not know what we do not know’ about GM crops.
This, however, does not imply that decisions cannot be made or that science
has become irrelevant but that a different approach to both scientific produc-
tion and decision-making is necessary in order to ‘assess’ whether GMOs can
be part of our common world. In other words, if the various controversies
over GMOs can be seen as an expression of the crisis of objectivity (the ‘what
it is’), then the ‘what it is’ becomes that which needs to be collectively decided,
through ‘collective experimentation’.

The importance of this task needs to be emphasized: GMOs as matters of
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increasing concern are propositions, rather than facts, that ask to be taken
into account. Whether they can be part of our common world depends on
their compatibility with other propositions articulated by the humans and
non-humans that form our current collective. It is only when all propositions
have been taken into account in the discussion (Latour, 2004: 109) that the
question as to whether ‘we can live together’ can be answered. ‘Taking into
account’ all propositions regarding GM crops, before a decision can be made,
necessitates first of all the re-conceptualization of what is considered sound
science, scientific proof and scientific expertise. To put it differently, since
scientists are not merely problem-solvers or answer givers but play an
important role in constructing questions and problems (Dratwa, 2002: 206),
they cannot be left alone in carrying out this task.

The process of ‘collective experimentation’ going on in India (as elsewhere)
shows how the practices of ‘concerned groups’ (Callon, 2003) consist of
wondering about the consequences of including GM crops in the collective
in a way that does not distinguish between natural and unnatural, facts and
values, science and politics. Rather than distancing themselves and looking
for foundations, concerned groups have become even more immersed in the
‘things’ that populate our common world. Several groups of scientists, envi-
ronmentalists and activists, for instance, conduct research on GM crops by
regularly engaging with farmers, monitoring the responses of the soil, water,
and other crops, including non-GM crops, and evaluating the effects on
animals’ and workers’ health.7 In doing so, the ‘field science’ with which they
engage is producing scientific knowledge that challenges the pre-eminence of
laboratory science (Stengers, 2000: 140–1).

A recent controversy over the bio-safety implications of Bt cotton (cotton
to which the Bt protein has been added in the laboratory to confer pest resist-
ance) illustrates the situation. Approval for its commercialization was granted
in 2002 to Monsanto after a series of laboratory tests; small-scale and large-
scale trials conducted by the applicant satisfied the regulatory authorities
(Scoones, 2003: 6). Since 2006, Anthra, a training, research, and advocacy
organization for biodiversity-based livestock production in Andra Pradesh,
has been carrying out studies in the district of Warangal where sheep have
been dying or showing morbidity after grazing on Bt Cotton harvested fields
(Anthra, 2007: 1–4). Official toxicity tests had focused on cottonseed meal
fed to buffaloes, goats, fish and chickens (but not sheep and cattle) and found
that toxins, such as Gossypol, got denatured when crushed or deoiled. As a
result, these tests concluded that no toxin effects derived from cotton seed
consumption by animals. However, the monitoring of sheep and cattle by
Anthra focused on the fact that mortality had occurred after grazing on
standing plant materials such as Bt cotton leaves or leftovers rather than
cottonseed meals. Thus, what their field science challenged was the assump-
tion that the absence of toxin in cottonseed meals could be simply extended
to fresh materials. The controversy they opened is still unfolding. The regu-
latory body set up to review risk analyses and grant approval for commer-
cialization of biotech crops (GEAC) mandated further tests and reassured
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the public that ‘sheep death might be due to high content of nitrites/nitrates
. . . and not that of Bt toxin’ (The Hindu, 2008). However, both Anthra and
the leading scientist appointed by the Supreme Court to oversee the opera-
tion of the regulatory body, Dr P. M. Bhargava, have recently demonstrated
that, despite GEAC’s claims, no study had actually been carried out on the Bt
toxin. Indeed, the diagnostic report of the Indian Veterinary Research Insti-
tute, on whose findings the GEAC report was based, noted that ‘the facility
for detection and estimation of Bt toxin is presently not available with us’
(The Hindu, 2008). As a result, the claim that sheep death cannot be attrib-
uted to Bt toxin is unfounded.

This case certainly involves lack of transparency and accountability of the
relevant regulatory bodies.8 However, I am more interested in what the prac-
tice of Anthra reveals. As with other groups around the world that wonder
about the implications of GM crops,9 the practice of this particular group chal-
lenges the notion of ‘scientific expertise’ by widening the number of actors,
both humans and non-humans, allowed to participate in ‘collective experi-
mentation’. As veterinary scientists, farmers, ecologists and activists in Anthra
became increasingly affected by those non-humans (i.e. sheep and later cattle)
whose co-existence with Bt crops was showing to be problematic, they have
come closer to them, listened to their propositions and acted as their spokes-
persons. The power to speak on behalf of non-humans is not without its
problems. The point, however, is that:

the fullness of the world . . . is becoming ever less possible to ignore. With each
new example of a scientific or technological project overflowing its initial
framing . . . the extent to which our collective ‘matters of concern’ are very
material indeed is ever more obvious. (Bingham, 2006: 493)

From this standpoint, the instruments and expertise with which ‘field science’
is able to report back on our collective ‘matters of concern’ are certainly not
less deficient than those employed by laboratory science. What the collective
experimentations around the world are bringing about is increasing attention
to those entities that have been silenced and excluded from (laboratory)
science-based assessment processes.

The import of collective experimentation in conditions of uncertainty there-
fore consists of opening a space where propositions and controversies can
be fully articulated and taken into account. The meticulous attention to all
controversies articulated in a given situation does not lead to the conclusion
that a decision can never be arrived at. It, however, means that all controver-
sies will have to be considered without arbitrarily excluding or silencing some
of them. In Latour’s terms, only once we have determined ‘how many are
we?’ can we answer the question as to whether ‘we can live together’ (2004:
107). The latter requires the ranking of the various controversies, however
heterogeneous they might be, so that their relative importance can be estab-
lished. For instance, the proposition that GM crops will lead to an increase
in yields thus benefiting production and consumption, will be measured
against the proposition that, as a result of the neo-liberal policies that have
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drastically reduced subsidies and will further reduce employment in the agri-
cultural sector, the livelihood of small farmers is at stake.10 The proposition
that GM crops will deliver the solution to hunger will have to be assessed
against the claim that, although buffer stocks are available, people lack the
income they need in order to buy food (Sahai, 2008: 14). The proposition that
‘inventions’ need to be protected through royalties to re-pay the ‘inventor’
for its efforts will have to be measured against the proposition that farmers
have to borrow from commercial banks in order to pay for the increased costs
of GM seeds, a problem acutely demonstrated by farmers’ suicides. The pro-
position that a strong biotech industry is necessary for global competitive-
ness of the Indian state will have to be assessed against the proposition that
other important areas of research have been neglected as a result (Sahai, 2008:
19). The proposition that GM crops reduce the need to use agrochemicals as
well as the proposition that they are ‘substantially equivalent’ to conventional
(pesticides-based) agriculture will have to be measured against the proposi-
tion that the use of pesticides in agriculture is already unsustainable and that,
as a result, the environmental risks posed by Bt crops should be compared
with alternative means to achieve pests containment (for instance, integrated
pest management, IPM). And the proposition that GM crops do not pose any
threat to the environment will have to be measured against the contrary claims
that field scientists are articulating.

What these heterogeneous propositions, and certainly many more, have in
common is the fact that they are not simply ‘other relevant factors’ in the light
of which well-established facts can be assessed. On the contrary, the becoming
facts (or not) of GM crops depend on the resolution, or establishment of the
relative importance, of these propositions. It is this ‘ranking in order’ that
leads to a decision that will close the debate temporarily, that is, unless and
until the rejected propositions will re-present themselves in the future (Latour,
2004: 200–9).

CONCLUSION

Is this approach to the progressive composition of our common world any
different from the numerous calls for democratizing the sciences, ending
corporate control over biotechnology, and introducing more appropriate
regulatory frameworks? Possibly not. However, what an approach to GMOs
as matters of concern shows is that appeals to nature and sound science are
unable to explain what is happening in the world. The practices of the con-
cerned groups involved in GM crops’ complex controversy demonstrate that
we need to come closer to the entities we are debating rather than distancing
ourselves and look for foundations. Thus, appeals to nature as well as the
current faith in science to provide a definitive answer to the controversy need
to be replaced by an approach that acknowledges the constant state of un-
certainty under which GMOs, as matters of increasing concern, threaten to
disrupt our common world. The point is not to deny a priori existence to these
new forms of life. They are indeed propositions that ask to be taken into
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account. Whether or not they can be part of our common world, however,
is a decision on which their becoming facts depends.

The import of collective experimentations therefore goes beyond re-
designing regulatory approaches in order to obtain participation in advisory
committees. These reformist attempts fall short of challenging the assump-
tions upon which the division of labour between risk assessment, the domain
of sound science, and risk management, the domain of society, is based. This
is not to suggest that reforms should not be attempted. Recognizing the state
of uncertainty under which GMOs, as matters of concern, ask to be taken into
account, requires a different approach to regulation too. Such an approach
could be offered by the principle of precaution that recognizes uncertainty as
the constant state of affairs. According to Dratwa (2002), the precautionary
principle does not impose a simple choice between action and inaction,
allowing and banning, but involves a process of ‘learning through experimen-
tations and acting while doubting’, and he continues:

What can be done to etch against ignorance is to resort to diversity (of inputs,
of expertise), allowing for an evaluation system that keeps the options open.
Keeping options open (rather than burning one’s bridges or putting all eggs in
one basket) refers to technology options and decision-making options [includ-
ing that of doing nothing for the moment]. (Dratwa, 2002: 207)

An immediate means is to include ‘specialists’ from other research areas so
that the assessment (rather than management) of the technology is not left to
microbiologists or even ecologists, but includes farmers, activists, environ-
mentalists, economists, philosophers and social scientists.

Before a decision can be made as to whether GM crops can co-exist with
our already full world, all controversies and options need to be carefully and
slowly considered. As Dratwa puts it, the precautionary principle consists
exactly in ‘prospecting the huge range of possibilities in the interval, such as
conditionalities, provisionalities, confinements etc. . . . Indeed, confinement
(in space) goes to fulfil the promise of provisionality, of confinement in time,
and perhaps of reversibility’ (2002: 207). The case of Anthra, however, shows
that decision-making bodies continue to actively disregard the important
propositions field scientists and other concerned groups are articulating. This
points to the fact that much more is involved in the ‘power’ to give voice,
represent, consider and decide than challenging the nature/society, science/
politics dichotomy as this article has suggested. The powers of the collective,
as articulated by Latour, do not provide much guidance in thinking about
why and how such propositions, which offer ways of thinking and acting
outside the boundaries drawn by the science/politics distinction, continue to
be silenced or dismissed. This, however, does not invalidate the significance
of a politics that takes into account humans and non-humans, nature and
society, at the same time. It rather requires more attention to the powers that
prevent such a politics from being articulated fully.
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NOTES
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Kent Law School for the funding provided in order to undertake research in India in
2007.

1. In the 1980s, with the Diamond v Chakrabarty case, the US Supreme Court
ruled for the first time that genetically engineered life forms were patentable
private property in that ‘the relevant distinction [is] not between living and
inanimate things, but between products of nature, whether living or not, and
human-made inventions . . . Chakrabarty’s discovery is not nature’s handi-
work, but his own; accordingly it is patentable subject matter’. Diamond v
Chakrabarty 447 U.S. 303 (1980).

2. As will be argued in the next section, the risk mentality not only characterizes
current regulatory frameworks for assessing biotech crops, it is also at the basis
of many environmentalists’ demands for a more ‘science-based’ approach to
their regulation.

3. ‘Other relevant factors’ or ‘other legitimate factors’ refer to socio-economic,
ethical, religious, environmental, and other concerns regulators might take into
account in the (political) phase of risk management which remains distinct from
the supposedly value-free and ‘science-based’ phase of risk analysis, namely
that of risk assessment. In the words of the Codex Alimentarius Commission
‘consideration of other factors should not affect the scientific basis of risk
analysis; in this process, the separation between risk assessment and risk manage-
ment should be respected, in order to ensure the scientific integrity of the risk
assessment’ (FAO/WHO, 2001).

4. Borrowed from international frameworks, most importantly that of the OECD,
the Indian regulatory framework relies on two main bodies: the Review
Committee on Genetic Manipulation (RCGM) under the Department for Bio-
technology (DBT), responsible for carrying out science-based risk assessment,
and the Genetic Engineering Approval Committee (GEAC), under the Ministry
of Environment and Forestry, responsible for regulatory approval (Scoones,
2003: 15).

5. They are taken away as the risk assessment analysis is conducted by reducing
the multiplicity of controversies and questions to a few identifiable ones. Thus
we do not know how the parameters of the investigation have been drawn and
what other questions/criteria have been discarded.

6. This is at the basis of current regulatory models which require scientific
evidence and cost–benefit analyses to be conducted as part of risk assessment
procedures to authorize commercialization of GM crops. And this is also at the
basis of many environmentalists/activists’ approaches which require ‘sound
science’ to give a definitive answer as to the identity of GMOs before they are
released or commercialized. The Agreement on Sanitary and Phytosanitary
measures of the World Trade Organization imposes this model upon its 153
members.

7. See, for instance, the initiatives and activities of the Deccan Development Society,
a grassroots organization working in 75 villages on issues of food security,
natural resources enhancement and education (www.ddsindia.com) and Anthra,
an organization of women veterinary scientists working primarily on the issue
of livestock development and sustainable use of natural resources (www.anthra.
org ). Both organizations operate in the state of Andra Pradesh.
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8. For a detailed account of the ways in which activists have engaged with state-
level High Courts and the Supreme Court since 2001 and the impact this has
had on regulation, see Newell (2008: 133) and Scoones (2003, 2005: 7).

9. See Bingham’s account (2006) of the way in which groups in Europe and the
US have become concerned with the impact of GM crops on bees and butter-
flies. Their field studies showed how, had the propositions of these non-humans
been taken into account, the assessment of GM crops would have been different.

10. Scientists have also pointed to the fact that India maintains large buffer stocks
at present.

If more food were needed, it would be easily achieved by minimizing post
harvest losses. Up to 30% of the food that is harvested, perishes or is lost to
rats in storage. Improving storage and building village roads to bring agricul-
tural produce to the market quickly will minimize post harvest losses and
increase the amount of food which is available. (Sahai, 2008: 13)

CASE CITED

Diamond v Chakrabarty 447 U.S. 303 (1980)

REFERENCES

Anderson, Kym and Ernesto Valenzuela (2007) ‘The World Trade Organization’s
Doha Cotton Initiative: A Tale of Two Issues’, World Economy 30(8): 1281–304.

Anghie, Anthony (2000) ‘Time Present and Time Past: Globalization, International
Financial Institutions, and the Third World’, New York University Journal of
International Law and Politics 32: 243–90.

Anthra (2007) ‘Preliminary Assessment Study on Sheep Mortality Grazing on Bt-
Cotton Fields in Warangal District, Andhra Pradesh’, study paper, Hyderabad:
Anthra. Available at: http://www.anthra.org/Research/bt-%20cotton%20
warangl%20study.pdf.

Bingham, Nick (2006) ‘Bees, Butterflies and Bacteria: Biotechnology and the Politics
of Non-human Friendship’, Environment and Planning 38: 483–98.

Bingham, Nick (2008) ‘Slowing Things Down: Lessons from the GM Controversy’,
Geoforum 39: 111–22.

Callon, Michel (2003) ‘The Increasing Involvement of Concerned Groups in R&D
Policies: What Lessons for Public Powers?’, in A. Geuna et al. (eds) Science and
Innovation. Cheltenham: Elgar.

Cullather, Nick (2004) ‘Miracles of Modernisation: The Green Revolution and the
Apotheosis of Technology’, Diplomatic History 28(2): 227–54.

Damodaran, A. (2005) ‘Re-engineering Biosafety Regulations in India: Towards a
Critique of Law, Policy and Prescriptions’, Law, Environment and Develop-
ment Journal 1: 1–20.

Dhar, Biswajit (2001) ‘Regulations, Negotiations and Campaigns: Introducing Bio-
technology into India’, Biotechnology and Development Monitor 47: 19–21.

Dratwa, Jim (2002) ‘Taking Risks with the Precautionary Principle: Food (and the
Environment) for Thought at the European Commission’, Journal of Environ-
mental Policy and Planning 4: 197–213.

Eike, Morten (2000) ‘GM Food: Controversy and Uncertainty. Complexity and
Scientific Value Diversity in the GM Food Debate’, paper for the 3rd POSTI
International Conference, London.

ALESSANDRINI: GMOS AND THE CRISIS OF OBJECTIVITY 21



Escobar, Arturo (1995) Encountering Development: The Making and Unmaking of
the Third World. Princeton, NJ: Princeton University Press.

FAO/WHO Food Standards Programme (2000) ‘Matters Referred to the Task Force
by the Codex Alimentarius Commission and Other Codex Committees’, Codex
Ad Hoc Intergovernmental Task Force on Foods Derived from Biotechnology,
Appendix I to Annex I, CX/FBT/00/2.

FAO/WHO Food Standard Programme (2001) ‘’Statements of Principle on the Role
of Science in the Codex Decision-Making Process and the Extent to which
other Factors are Taken into Account’, Report of the Sixteenth Session of the
Codex Committee on General Principles, Appendix III, CX/GP 4/10.

Goodman, David and Michael Redclift (1991) Refashioning Nature: Food, Ecology
and Culture. London: Routledge.

Gottweis, Herbert (1998) Governing Molecule: The Discursive Politics of Genetic
Engineering in Europe and the United States. Cambridge, MA: Massachusetts
Institute of Technology.

Government of India (2002) Report of the Committee on India Vision 2020, New
Delhi: Planning Commission.

Griffin, Keith (1979) The Political Economy of Agrarian Change: An Essay on the
Green Revolution. London: Macmillan Press.

Hannigan, John (1995) Environmental Sociology: A Social Constructionist Perspective.
London: Routledge.

Hudec, Robert (1987) Developing Countries in the GATT Legal System. London:
Trade Policy Research Centre.

Irwin, Alan and Mike Michael (2003) Science, Social Theory and Public Knowledge.
Maidenhead: Open University Press.

Jasanoff, Sheila (2006) ‘Biotechnology and Empire: The Global Power of Seeds and
Science’, Osiris 21: 273–92.

Jasanoff, Sheila and Brian Wynne (1998) ‘Science and Decision Making’, pp. 1–77 in
S. Rayner and E. L. Malone (eds) Human Choice and Climate Change. Ohio:
Battelle Press.

Kloppenburg, J. Ralph (2004) First the Seed: The Political Economy of Plant Biotech-
nology, 1492–2000. Madison: University of Wisconsin Press.

Latour, Bruno (2004) The Politics of Nature: How to Bring the Sciences into Democ-
racy. Cambridge, MA: Harvard University Press.

Latour, Bruno (2007) Reassembling the Social: An Introduction to Actor-Network
Theory. Oxford: Oxford University Press.

Latour, Bruno and Steve Woolgar (1986) Laboratory Life: The Construction of Scien-
tific Facts. Princeton, NJ: Princeton University Press.

Lewis, W. Arthur (1955) The Theory of Economic Growth. London: Allen & Unwin.
Lezaun, Javier (2006) ‘Creating a New Object of Government: Making Genetically

Modified Organisms Traceable’, Social Studies of Science 36(4): 499–531.
Meyer, John (2006) ‘Nature, Property, and Democracy in the Debate over Geneti-

cally Modified Organisms’, occasional papers, School of Social Science, Prince-
ton, NJ: Institute for Advanced Study.

Nature (2002) ‘Nature Insight: Food and the Future’, Nature 8 August, 418: 667–707.
Newell, Peter (2008) ‘Lost in Translation? Domesticating Global Policy on Geneti-

cally Modified Organisms: Comparing India and China’, Global Society 22(1):
115–36.

Newell, Peter and Dominic Glover (2003) ‘Business and Biotechnology: Regulation
and the Politics of Influence’, working paper 192, Brighton: Institute for Devel-
opment Studies.

Rao, C. Kameswara (2003) ‘Performance of Commercialised Bt Cotton in India: A
Preliminary Report’, study paper, Bangalore: Foundation for Agricultural
Awareness and Education. Available at: 
http://fbae.org/special-topics_performance_of_commercialised_bt.html

22 SOCIAL & LEGAL STUDIES 19(1)



Rodrigues, Aruna (2005) ‘GMOs are Threatening Food Safety and the Environment:
Public Interest Litigation on Biosafety of Genetically Modified Organisms’,
Hyderabad: Deccan Development Society. Available at: http://www.ddsindia.
com/www/PDF/PIL_October27.pdf

Roepstorff, Andreas, Nils Bubandt and Kalevi Kull (2003) Imagining Nature: Prac-
tices of Cosmology and Identity. Aarhus: Aarhus University Press.

Rostow, W. Walter (1962) The Process of Economic Growth. New York: W.W. Norton
& Co.

Sahai, Suman (2008) Genetically Engineered Crops and Foods: A Primer. Delhi: Gene
Campaign.

Sands, Philippe (2003) Principles of International Environmental Law. Cambridge:
Cambridge University Press.

Scoones, Ian (2003) ‘Regulatory Manoeuvres: The Bt Cotton Controversy in India’,
working paper 197, Brighton: Institute for Development Studies.

Scoones, Ian (2005) ‘Contentious Politics, Contentious Knowledges: Mobilizing
against GM Crops in India, South Africa and Brazil’, working paper 256,
Brighton: Institute for Development Studies.

Seshia, Shaila and Ian Scoones (2003) ‘Tracing Policy Connections: The Politics of
Knowledge in the Green Revolution and Biotechnology Eras in India’, working
paper 188, Brighton: Institute for Development Studies.

Shiva, Vandana (1991) The Violence of the Green Revolution: Third World Agricul-
ture, Ecology and Politics. London: Zed Books.

Stengers, Isabelle (2000) The Invention of Modern Science. Minneapolis: University
of Minnesota Press.

The Hindu (2008) ‘Sheep Death: No Test for Bt Toxin Done’, 7 August.
Trebilcock, Michael J. and Robert Howse (2005) The Regulation of International

Trade. London and New York: Routledge.
Wynne, Brian (1992) ‘Uncertainty and Environmental Learning: Reconceiving Science

and Policy in the Preventive Paradigm’, Global Environmental Change 2(2):
111–27.

ALESSANDRINI: GMOS AND THE CRISIS OF OBJECTIVITY 23


